The diagnostic role of medical thoracoscopy and image-guided pleural biopsy in patients with undiagnosed exudative pleural effusion has increased over the last few years.
Introduction
Pleural diseases, whether of inflammatory or malignant etiology, commonly result in pleural effusions. However, around 20% of exudative pleural effusions remain undiagnosed even after thoracentesis and chemical, bacteriological, or cytological analysis [1] [2] [3] . An undiagnosed exudative pleural effusion is a common diagnostic dilemma and pleural biopsy is essential for the definite determination of the underlying etiology [4, 5] .
Multiple biopsy techniques are available for diagnosing pleural diseases. They range from older techniques, including blind or closed pleural biopsy, to newer techniques such as image-guided and thoracoscopic biopsy [6] [7] [8] .
Indications for pleural biopsy include recurrent pleural effusion of unknown etiology as well as pleural mass or thickening. Ultrasonography (US) or computed tomography (CT) guidance has increasingly been used to increase the procedural yield of pleural biopsy owing to the ability to visualize abnormal pleural areas and precisely target the biopsy. US has the advantage of assessing loculated pleural effusions and providing a real-time approach to the biopsy with no risk of radiation. CT guidance enables better visualization of the extent of focal pleural masses, besides a clearer delineation of parenchymal pathology [9] [10] [11] [12] .
The advantage of thoracoscopy instrumentation is that it has the ability to directly visualize the pleural space and a therapeutic intervention can be performed in the same session, in addition to enabling the diagnostic biopsy of the pleura [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
Aim
The aim of this study was to evaluate the diagnostic yield of thoracoscopic compared with image-guided pleural biopsies.
Patients and methods

Study population
All subjects were enrolled in the study after a written informed consent according to a protocol approved by the Ethics Committee of the Hospital. The patients were divided randomly into two groups as follows:
(1) Group I: medical thoracoscopy biopsies were obtained from the suspicious pleural lesions for histopathological examination. (2) Group II: image-guided biopsies were obtained from the suspicious pleural lesions for histopathological examination. Ten of them were obtained by US guidance and the other ten were obtained by CT guidance.
Clinical assessment
All the patients included were subjected to a full assessment of history, full clinical examination including general and local chest examination, and routine laboratory and radiological evaluations. In case of pleural effusion, thoracentesis and pleural fluid analysis were carried out.
Medical thoracoscopy
Medical thoracoscopy was performed in group I using a rigid thoracoscope ( Fig. 1 ) under local anesthesia with moderate sedation, which was quite well tolerated by the patients. In a few cases, general anesthesia was administered by an anesthesiologist through a laryngeal mask when patients refused local anesthesia and moderate sedation. Biopsy specimens were obtained from abnormal areas of the parietal pleura. After fixation in formalin, they were sent for histopathological analysis and bacteriologic investigation.
Image-guided biopsies
Image-guided biopsies in group II were performed mainly in the intervention suite of the radiology department. USguided biopsy in the current study was performed under local anesthesia for all cases. CT-guided biopsy in the current study was performed under local anesthesia with moderate sedation. An area of pleural abnormality was identified using US or CT imaging. The Automated cutting needle devices were used, and three or more samples were obtained to ensure adequate pleural tissue for histopathological diagnosis (Figs 2-5).
Results
Diagnostic yield
In group I, the results of 19 (95%) patients were positive and only one result was negative (5%). In group II, the results of 17 (85%) patients were positive and three (15%) results were negative ( Table 1 ). According to the results of the histopathological examination of pleural biopsies obtained through medical thoracoscopy or imageguided pleural biopsy, metastatic adenocarcinoma and malignant mesothelioma were the most common pathological results among the patients studied. Table 2 shows a comparison between the different studied groups according to the pathological type of each biopsy.
The diagnostic yield was high for medical thoracoscopy and image-guided pleural biopsies, with no statistically significant difference.
Duration of the procedure
In group I, the mean duration of the procedure was 27.15 min (SD: 3.57), with a minimum of 22.0 and a maximum of 37.0 min ( Table 3 ).
In group II:
(1) Group 1 (CT-guided pleural biopsy): the mean duration of the procedure was 50.30 min (SD: 6.57), with a minimum of 40 and a maximum of 60 min. The US-guided biopsy showed significantly the least duration followed by medical thoracoscopy (P=0.001).
Figure 1
Rigid medical thoracoscopy. Table 4 shows a comparison of the groups studied in terms of postprocedural complications. The comparison showed a statistically significant difference, where imageguided biopsy yielded fewer complications (P=0.008).
Complications
Trapped lung was recorded in four (20%) patients in group I, whereas empyema was found in two (10%) patients and wound infection occurred in one (5%) patient. However, hydropneumothorax was recorded in only two (10%) cases in group II, which required tube drainage.
Hospital stay Table 5 shows a comparison between the different studied groups according to the duration of hospital stay. The comparison showed a statistically significant difference, where image-guided pleural biopsies required lower duration of hospital stay (0.001). In group I, the minimum number of days needed for chest tube removal after thoracoscopy was 2 days for uncomplicated cases and the maximum was 15 days for complicated cases, with a mean duration of 5.85 days (SD: 4.52 days). In group II, the minimum number of days of hospital stay was 1 day; thus, it can be considered an outpatient procedure. The maximum number of days of hospital stay was 8 days for the complicated cases, with a mean duration of 2.25 days (SD: 1.86 days) and a median of 2.0 days.
Discussion
Pleural biopsies are often required in the workup of undiagnosed pleural effusions. Various techniques are available for the acquisition of pleural tissues for diagnosis. Traditional techniques included blind or closed pleural biopsy, whereas newer ones included image-guided and thoracoscopic biopsy. The advantage of thoracoscopic instrumentation is direct visualization of Computed tomography-guided pleural biopsy steps.
Figure 4
Ultrasound-guided pleural biopsy steps.
Figure 2
Pleural biopsy steps.
the pleural space and the possibility to perform a therapeutic intervention in the same session [7, 10, 12, 14, 16, 24] .
The current study was prospective in design. It enrolled 40 patients with undiagnosed pleural effusions in the period from November 2015 to October 2016. Medical thoracoscopy was performed in 20 patients and image-guided pleural biopsy was performed in the other 20 patients.
The comparison between the two groups regarding the cost was not possible because all procedures in the current study were carried out in the university main hospital for free as they were considered part of a research. The image-guided sampling usually involves the cost of the coaxial needle. However, scheduled thoracoscopy is a more expensive procedure; it has nearly triple the cost of image-guided techniques in both government and private sectors. Computed tomography-guided pleural biopsy steps. Dixon et al. [25] carried out a similar study and reported that selection of the appropriate biopsy techniques not only depends on different diagnostic rates and complications but also on other factors such as the need for pleurodesis and the patient's general condition as well as his/her preference.
In terms of the anesthesia technique used in the studied groups, medical thoracoscopy was performed under local anesthesia with moderate sedation, which was tolerated quite well by the patients. In 35% of the cases, general anesthesia was administered by an anesthesiologist, whereas US-guided biopsy in the current study was performed under local anesthesia for all cases. CTguided biopsy was performed under local anesthesia with moderate sedation. In 20% of the cases, general anesthesia was administered by an anesthesiologist to limit their movement on the table. In terms of anesthesia, Loddenkemper [17] reported that the main advantage of medical thoracoscopy compared with video-assisted thoracoscopic surgery is that the examination can be performed under local anesthesia or conscious sedation.
Similarly, most previous studies carried out thoracoscopy under local anesthesia and conscious sedation [17, 22] . Also, Hatata et al. [26] performed thoracoscopy for some cases under general anesthesia. Sakuraba et al. [13] reported that pleural biopsy by thoracoscopy under local anesthesia should be carried out in patients with pleurisy. Similar observations were reported by Attaa et al. [27] , who preferred to use local anesthesia with conscious sedation as it is safer and associated with fewer complications than general anesthesia. We recognize that general anesthesia would highly facilitate all the interventions; however, it can increase risks to the patients. Dixon et al. [25] are in agreement on the use of local anesthesia in imageguided pleural biopsy.
The sensitivity of diagnostic thoracoscopy in this study was 95%, indicating a high diagnostic yield of medical thoracoscopy. These results are in agreement with the findings of Sakuraba et al. [13] , who found that the diagnostic efficacy of thoracoscopic pleural biopsy was 97.1%. A similar study was carried out by Hassanein Table 4 Comparison between the different studied groups according to postprocedural complications et al. [28] and they reported that the sensitivity and specificity of diagnostic thoracoscopy and US-guided Abrams needle were 100 and 100%, respectively, indicating a high diagnostic yield of both techniques.
The present study found that rigid thoracoscopic forceps biopsies led to significantly higher numbers of biopsies than tru-cut image-guided biopsies. A possible explanation could be that the operator determined the number of specimens on the basis of the macroscopic adequacy of the samples where direct visualization of the pleural cavity is possible [19, 21, 29] carried out a study on the optimal number of pleural biopsy specimens for a diagnosis of tuberculous pleurisy and reported that the sensitivity of percutaneous needle biopsy for the diagnosis of tuberculous pleurisy is the highest when more than six specimens are obtained, which, on average, contain more than two specimens of parietal pleura. These findings are consistent with the results of the present study.
In image-guided pleural biopsies, the diagnostic sensitivity was 85% despite the fewer number of biopsies compared with thoracoscopy. The result was similar to a previous study by Chang et al. [30] , who reported that tru-cut biopsies had a diagnostic sensitivity of 86% for pleural tuberculosis and 70% for malignancy.
Nevertheless, a similar study was carried out by Abdella et al. [31] and reported that the sensitivity of USguided pleural needle biopsy and medical thoracoscopy for the diagnosis of cases was 85 and 95%, respectively. Adams et al. [11] reported that the overall accuracy of percutaneous image-guided biopsy was about 91%, which indicates that thoracoscopic biopsies may be superior to sonographic-guided tru-cut biopsies.
US-guided biopsy has the advantage of real-time visualization with no risk of radiation to the patient compared with CT-guided biopsy, and it is a welltolerated procedure compared with thoracoscopy and CT-guided pleural biopsy in terms of the time taken to complete the procedure. The mean duration of the thoracoscopy was 27.15 min, that of CT-guided pleural biopsy was 50.30 min, and that of US-guided pleural was 10.60 min. This was in agreement with Dixon et al. [25] , who also showed that thoracoscopy can take from 30 min up to an hour depending on the technical difficulty and also the skill of the operator.
One of the disadvantages of CT-guided biopsy is the radiation exposure to the radiologist, who remains in the room throughout the procedure. Similar observations were reported by Niu et al. [8] , who found that the use of ionizing radiation, lack of real-time capability, and visualization of only transverse sections are major limitations of CT-guided pleural biopsy.
In this respect, Sconfienza et al. [32] reported that US guidance is comparable to CT guidance with respect to accuracy; however, it is superior in terms of the shorter duration of the procedure as well as fewer complications, especially pneumothorax. In addition, there is no radiation exposure. Rahman and Gleeson [33] reported that both image-guided biopsies and thoracoscopic biopsies share similarly high diagnostic rates, and are complementary techniques used in different clinical situations, but the choice of US-guided and CTguided technique is dependent on the individual operator, expertise, and machine availability or cost.
In terms of the complications of the procedures in this study, in group I, trapped lung was recorded in four (20%) patients; one of these patients was scheduled for bronchoscopy in which an endobronchial lesion was found and removed by electrocautery. Later, a chest tube was removed after complete lung inflation. A tunneled pleural catheter was inserted in the other three patients for chronic drainage. Empyema was found in two (10%) patients and wound infection occurred in one (5%) patient. These patients were diabetic and showed improvement after antibiotics therapy.
In agreement with this study, Kaiser and Bavaria [34] reported the most prevalent complications of prolonged air leak (3.7%) and superficial wound infections (1.9%). Mootha et al. [35] reported that out of 35 thoracoscopic procedures, two (5.2%) cases developed empyema, with no other complications. No major complications were reported and minor complications were reported in 12 out of 40 patients (30%) by Shaheen et al. [36] . Also, Abumossalam et al. [37] reported few complications in their study and they were minor. They reported no bleeding or mortality in their study.
Hydropneumothorax was recorded in only two (10%) cases in group II, which required tube drainage. In agreement with this study, Benamore et al. [38] performed image-guided pleural biopsies over a 4year period and found that the rate of new pneumothorax detected by chest radiography was 4.7%, but no patient required a chest drain.
Thoracoscopy offers rapid and effective relief of symptoms through ambulatory drainage of effusions. All patients showed improvement in their dyspnea after thoracoscopy.
Similar observations were reported by Loddenkemper [17] , who found that the initial complete drainage of the effusion, performed during thoracoscopy, was associated with greater symptomatic improvement than any subsequent therapy. Similar observations were made by Colt [39] , who reported the undeniable role of thoracoscopy in the diagnosis and treatment of patients with malignant pleural effusions.
Pleurodesis was performed for 50% of the patients whose thoracoscopic findings suggested gross malignancy using Iodopovidone. Later, the malignant etiology of their effusion was confirmed by histopathological examination of the thoracoscopic biopsies. Therefore, patients in this group benefited from the high diagnostic and therapeutic capabilities of medical thoracoscopy. The aim of pleurodesis in these patients is to prevent re-accumulation of the effusion and thereby of symptoms, and avoid the need for repeated hospitalization for thoracentesis. In 2004, Shaw and Agarwal [40] reported thoracoscopic pleurodesis as the preferred technique for pleurodesis on the basis of efficacy. Ibrahim et al. [41] reported that povidone-iodine pleurodesis can be considered a good alternative to talc pleurodesis for recurrent malignant pleural effusion. In this respect, Alavi et al. [42] found that povidone-iodine is the agent of choice when utilizing pleurodesis for control of symptomatic malignant pleural effusions.
Thoracentesis was performed for five patients in group II after image-guided biopsy to relief their dyspnea. Eight patients were scheduled later for pig tail insertion and pleurodesis. Shafiq et al. [43] found that palliative interventions are recommended in patients with malignant pleural effusion to improve health-related quality of life.Pleurodesis and indwelling pleural catheters remain the mainstay treatment options for malignant pleural effusion and, recently, they have been shown to be equally effective [44] . Palliative therapy goals should include relief of dyspnea, permanent control of fluid accumulation, prevention of the need for reintervention, and limiting the need for hospital stay [45] .
Reducing the hospital stay after the procedure implies that, costs, and busy beds can be reduced. The present study showed that image-guided pleural biopsies needed less hospital stay. The minimum number of days of hospital stay for group II was 1 day and the maximum was 8 days for the complicated cases; thus, it can be considered an outpatient procedure. Meanwhile, for group I, the minimum number of days needed for chest tube removal after thoracoscopy was 2 days for uncomplicated cases and the maximum was 15 days for complicated cases. In this respect, Dixon et al. [25] reported that imageguided biopsy is less invasive and is usually carried out as an outpatient procedure.
Thoracoscopic and image-guided pleural biopsies have comparably high diagnostic rates, and are complementary techniques used in different clinical situations. Medical thoracoscopy is a safe, minimally invasive procedure with a high diagnostic yield in cases of undiagnosed exudative pleural effusions. It is not only a primarily diagnostic procedure, but it can also be applied for therapeutic purposes.
Image-guided pleural biopsy is effective for diagnosis in patients with undiagnosed exudative pleural effusion. In cases of small effusions, complicated effusion anatomy, or pleural thickening in the absence of pleural fluid, image-guided pleural biopsy is the technique of choice, with a high diagnostic yield and an excellent safety profile. Therefore, in certain situations, it can be preferred over Medical thoracoscopy to reduce hospital stay and presumably the cost and in patients whose general condition is not amenable for thoracoscopy.
The choice between different investigative procedures is not only dependent on the higher diagnostic rates and fewer complications but also on other factors such as the radiological findings, the clinical condition of the patient as well as the need to control the production of pleural fluid. After considering patient preference, the choice should be individualized to each patient.
In conclusion, the overall diagnostic yield is comparably high for medical thoracoscopy and image-guided pleural biopsies, and despite the fewer complications encountered with image-guided biopsies, both have low complication rates. Each diagnostic procedure has its own advantages and disadvantages. Image-guided biopsy is less invasive, can be carried out as an outpatient procedure, and is especially suitable in patients with bad general condition and those with pleural lesions with no effusion. Medical thoracoscopy has the benefit of offering both diagnostic and therapeutic interventions in a single setting, where aspiration of a large volume of fluid in addition to obtaining multiple pleural biopsies and pleurodesis can be performed in one procedure.
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